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AUTONOMOUS DRIVING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. application Ser.
No. 16/458,254 filed Jul. 1, 2019, which claims the benefit
of priority from Japanese Patent Application No. 2018-
145110 filed Aug. 1, 2018, the entire contents of which are
incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to an autonomous driving
system.

BACKGROUND

In the related art, Japanese Patent No. 3622329 is known
as a technical literature relating to an autonomous driving
system. This publication discloses a vehicle steering device
that sets an autonomous steering mode when an output of a
torque sensor by a driver is lower than a predetermined
threshold value, and sets a power steering mode when the
output from the torque sensor is equal to or higher than the
predetermined threshold value. When the power steering
mode is set, a steering force from the driver is strengthened
or suppressed according to the travel state of a host vehicle.

SUMMARY

Incidentally, a vehicle control in which a lane change of
the vehicle is autonomously performed is known as one of
the autonomous driving of the vehicle. However, when road
conditions are complicated or when a distance is not suffi-
cient for the autonomous lane change, the driver may need
to perform the lane change even during the autonomous
driving. On the other hand, even if the system requests the
driver to perform the lane change operation during the
autonomous driving, it is necessary to preserve the steering
torque in order for a lane keep control based on an assump-
tion that the driver does not appropriately steer. In such a
case, it is required to appropriately adjust the steering torque
with respect to the steering by the driver.

Therefore, in the present technical field, it is desired to
provide an autonomous driving system capable of appropri-
ately adjusting the steering torque with respect to the opera-
tion intervention by the driver for the lane change during the
autonomous driving.

According to an aspect of the present disclosure, there is
provided an autonomous driving system configured to per-
form an autonomous driving of a vehicle, the system
includes a lane change determination unit configured to
determine a necessity of an operation intervention for a lane
change of the vehicle by a driver of the vehicle during the
autonomous driving, a lane change request unit configured
to request the driver to perform the operation intervention
for the lane change of the vehicle when the lane change
determination unit determines that it is necessary to perform
the operation intervention for the lane change of the vehicle
by the driver, and a mode switching unit configured to
switch a steering torque mode for a lane keep control in the
autonomous driving from a normal steering torque mode to
a weak steering torque mode when the driver is requested to
perform the operation intervention for the lane change of the
vehicle.

10

15

20

25

30

35

40

45

50

55

60

65

2

According to the autonomous driving system in the aspect
of'the present disclosure, if it is determine that it is necessary
for the driver to perform the operation intervention for the
lane change of the vehicle, the driver is requested to perform
the operation intervention for the lane change of the vehicle
and the steering torque mode for the lane keep in the control
autonomous driving is switched to the weak steering torque
mode from the normal steering torque mode. Therefore, in
the autonomous driving system, if it is determined that it is
necessary for the driver to perform the operation interven-
tion for the lane change, since the steering torque for the lane
keep control is switched to the weak steering torque mode,
it becomes easy for the driver to perform the lane change of
the vehicle compared to a case when the steering torque for
the lane keep control is maintained as the normal steering
torque mode. Therefore, it is possible to appropriately adjust
the steering torque for the lane keep control with respect to
the operation intervention by the driver for the lane change.

In the autonomous driving system in the aspect of the
present disclosure, the weak steering torque mode may be a
mode that weakens, compared to that in the normal steering
torque mode, the steering torque of the lane keep control in
the direction of the lane change of the vehicle among the
right direction and the left direction of the vehicle, and does
not change the steering torque of the lane keep control in the
direction opposite to the direction of lane change of the
vehicle.

In the autonomous driving system in the aspect of the
present disclosure, the system may be configured to further
include an area switching unit configured to switch an area
between an ignorance area where the vehicle is caused to
travel by the control of the autonomous driving even if there
is an operation intervention by the driver, a cooperation area
where the vehicle is caused to travel under a cooperation
between the operation intervention by the driver and the
control of the autonomous driving, and a cut-off area where
the vehicle is caused to travel by the operation intervention
by the driver without reflecting the control of the autono-
mous driving according the amount of operation interven-
tion by the driver during the autonomous driving. The area
switching unit may be configured to switch the area to the
cooperation area if the amount of operation intervention by
the driver becomes equal to or greater than a first threshold
value, and to switch the area to the cut-off area if the amount
of operation intervention by the driver is equal to or greater
than the second threshold value which is greater than the first
threshold value. The first threshold value and a second
threshold value are switched to smaller values in the weak
steering torque mode than that in the normal steering torque
mode.

According to an aspect of the present disclosure, when the
operation intervention by the driver for the lane change of
the vehicle is required during the autonomous driving, it is
possible to appropriately adjust the steering torque for the
lane keep control with respect to the operation intervention
by the driver for the lane change.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an autonomous
driving system according to one embodiment.

FIG. 2 is a diagram for explaining switching of an area in
the autonomous driving system.

FIG. 3 is a flowchart illustrating steering torque mode
switching processing in the autonomous driving system.

FIG. 4A is a flowchart illustrating area switching process-
ing in the autonomous driving system.
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FIG. 4B is a flowchart illustrating threshold value switch-
ing processing in the autonomous driving system.

DETAILED DESCRIPTION

Hereinafter, embodiments of the present disclosure will
be described with reference to the drawings.

FIG. 1 is a block diagram illustrating an autonomous
driving system according to an embodiment. An autono-
mous driving system 100 illustrated in FIG. 1 is mounted on
a vehicle such as a passenger car, and performs an autono-
mous driving of the vehicle. The autonomous driving is a
vehicle control that causes the vehicle to autonomously
travel toward a destination set in advance. In the autono-
mous driving, the driver does not perform a driving opera-
tion, and the vehicle can travel autonomously.

In the autonomous driving in the present embodiment, a
lane keep control is performed to suppress a deviation of the
vehicle from a traveling lane. In the lane keep control, when
the vehicle approaches the right and left lane marking lines
of the traveling lane, a steering torque is given to a steering
portion of the vehicle such that the vehicle returns to the
center of the traveling lane. A well-known technology can be
adopted for the lane keep control.

Configuration of Autonomous Driving System

The autonomous driving system 100 includes an elec-
tronic control unit (ECU) 10 that performs overall manage-
ment of the system. The ECU 10 is an electronic control unit
including a central processing unit (CPU), read only
memory (ROM), random access memory (RAM), and the
like. In the ECU 10, for example, various functions are
realized by loading a program stored in the ROM into the
RAM and executing the program loaded in the RAM by the
CPU. The ECU 10 may be configured with a plurality of
electronic units.

The ECU 10 is connected to a GPS receiver 1, an external
sensor 2, an internal sensor 3, a map database 4, driving
operation detection unit 5, a human machine interface (HMI)
6, and an actuator 7.

The GPS receiver 1 measures a position of the vehicle (for
example, the latitude and longitude of the wvehicle) by
receiving signals from three or more GPS satellites. The
GPS receiver 1 transmits information on the measured
position of the vehicle to the ECU 10.

The external sensor 2 is a detection device that detects a
surrounding situation of the vehicle. The external sensor 2
includes at least one of a camera and a radar sensor.

The camera is an imaging device that images an external
situation of the vehicle. The camera is provided on the inside
of a windshield of the vehicle. The camera transmits the
imaging information relating to the external situation of the
vehicle to the ECU 10. The camera may be a monocular
camera or may be a stereo camera.

The radar sensor is a detection device that detects objects
around the vehicle using radio waves (for example, milli-
meter waves) or light. The radar sensor includes, for
example, at least one of the millimeter wave radar or a light
detection and ranging (LIDAR). The radar sensor transmits
the radio wave or light to the surroundings of the vehicle,
and detects the objects by receiving radio waves or light
reflected from the objects. The radar sensor transmits the
detected object information to the ECU 10. The objects
include fixed objects such as guard rails and buildings, as
well as moving objects such as pedestrians, bicycles, and
other vehicles.

The internal sensor 3 is a detection device that detects a
traveling state of the vehicle. The internal sensor 3 includes
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a vehicle speed sensor, an accelerator sensor, and a yaw rate
sensor. The vehicle speed sensor is a measuring device that
measures a speed of the vehicle. As the vehicle speed sensor,
for example, a vehicle wheel speed sensor is used, which is
provided on vehicle wheels of the vehicle or on a drive shaft
rotating integrally with vehicle wheels, and measures a
rotational speed of the vehicle wheels. The vehicle speed
sensor transmits the measured vehicle speed information to
the ECU 10.

The accelerator sensor is a measuring device that mea-
sures an acceleration of the vehicle. The accelerator sensor
includes, for example, a longitudinal accelerator sensor that
measures acceleration in the longitudinal direction of the
vehicle and a lateral accelerator sensor that measures a
lateral acceleration of the vehicle. The accelerator sensor, for
example, transmits the acceleration information of the
vehicle to the ECU 10. The yaw rate sensor is a measuring
device that measures a yaw rate (rotation angular velocity)
around the vertical axis at the center of gravity of the
vehicle. As the yaw rate sensor, for example, a Gyro sensor
can be used. The yaw rate sensor transmits the measured
yaw rate information of the vehicle to the ECU 10.

The map database 4 is a database that stores map infor-
mation. The map database 4 is formed, for example, in a
hard disk drive (HDD) mounted on the vehicle. The map
information includes position information on a lane, infor-
mation on a shape of the lane (for example, a curve, a lane
width, or the like), position information on a stop line,
information on positions of a merge point and a branch, and
information on a position of buildings. The map information
may also include speed related information such as a legal
speed associated with the position or section on the map. The
map information includes position information of marking
objects such as utility poles used for vehicle position rec-
ognition. The map database 4 may be stored in a server such
as a management center that can communicate with the
vehicle.

The driving operation detection unit 5 detects a driving
operation of the operation portion of the vehicle by the
driver. The driving operation detection unit 5 includes, for
example, a steering sensor, an accelerator sensor, and a
brake sensor. The operation portion of the vehicle is a device
that the driver inputs an operation for driving the vehicle.

The operation portion of the vehicle includes at least one
of a steering portion of the vehicle, an accelerator operation
portion of the vehicle, and a brake operation portion of the
vehicle. The steering portion is, for example, a steering
wheel. The steering portion is not limited to a form of wheel,
but may be any configuration as long as the portion performs
a steering function. The accelerator operation portion is, for
example, an accelerator pedal. The brake operation portion
is, for example, a brake pedal. The accelerator operation
portion and the brake operation portion do not necessarily
need to be a pedal, and any configuration may be used as
long as acceleration or deceleration can be input by the
driver.

The steering sensor measures an amount of operation of
the steering portion by the driver. The amount of operation
of the steering portion includes at least a steering torque or
a steering angle. The accelerator sensor measures an amount
of operation of the accelerator operation portion by driver.
The amount of operation of the accelerator operation portion
includes, for example, a depression amount of the accelera-
tor pedal. The brake sensor measures an amount of operation
of the brake operation portion by the driver. The amount of
operation of the brake operation portion includes, for
example, a depression amount of the brake pedal. A depres-
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sion speed may be included in the amount of operation of the
accelerator operation portion and the brake operation por-
tion. The driving operation detection unit 5 transmits the
operation amount information relating to the measured
amount of operation by the driver to the ECU 10.

The HMI 6 is a device that performs inputting and
outputting of the information between the autonomous driv-
ing system 100 and occupants. The HMI 6 is includes an
input portion such as a touch panel for inputting the opera-
tion by the occupant, a display for outputting an image, a
speaker for outputting a sound, and the like. The HMI 6
outputs the image on the display and outputs the sound from
the speaker according to a control signal from the ECU 10.
The HMI 6 may include a head-up display for projecting and
displaying the windshield of the vehicle or the like.

The actuator 7 is a device used for controlling the vehicle.
The actuator 7 includes at least a drive actuator, a brake
actuator and a steering actuator. The throttle actuator con-
trols a driving force of the vehicle by controlling an amount
of air (throttle opening degree) supplied to the engine
according to the control signal from the ECU 10. If the
vehicle is a hybrid vehicle, in addition to the amount of air
supplied to the engine, the control signal from the ECU 10
is input to a motor as a power source, and the driving force
of the vehicle is controlled. If the vehicle is an electric
vehicle, the control signal from the ECU 10 is input to a
motor as a power source, and the driving force of the vehicle
is controlled. The motor as the power source in these cases
configures the actuator 7.

The brake actuator controls the brake system according to
the control signal from the ECU 10 and controls a braking
force applied to the wheels of the vehicle. For example, a
hydraulic brake system can be used as the brake system. The
steering actuator controls the driving of an assist motor
controlling a steering torque of an electric power steering
system according to the control signal from the ECU 10. As
a result, the steering actuator controls the steering torque of
the vehicle.

Next, a functional configuration of the ECU 10 will be
described. The ECU 10 includes a vehicle position recog-
nition unit 11, a surrounding environment recognition unit
12, a travel state recognition unit 13, a travel plan generation
unit 14, an operation intervention recognition unit 15, a lane
change determination unit 16, a lane change request unit 17,
a mode switching unit 18, an area switching unit 19 and a
vehicle control unit 20. A part of the functions of the ECU
10 described above may be performed by a server capable of
communicating with the vehicle.

The vehicle position recognition unit 11 recognizes a
position of the vehicle on the map based on the position
information from the GPS receiver 1 and the map informa-
tion in the map database 4. In addition, the vehicle position
recognition unit 11 recognizes position information of the
marking object included in the map information in the map
database 4 and performs the vehicle position recognition
with high accuracy using the result of detection performed
by the external sensor 2 using the simultaneous localization
and mapping (SLAM) technology. The vehicle position
recognition unit 11 may recognize the position of the vehicle
on the map using a known method.

The surrounding environment recognition unit 12 recog-
nizes the surrounding environment of the vehicle based on
the result of detection (the object information by the radar
sensor and/or the imaging information by the camera) per-
formed by the external sensor 2. The surrounding environ-
ment includes a situation of objects around the vehicle. The
situation of the object is, for example, a relative position and
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a relative speed of the object relative to the vehicle. The
surrounding environment may include recognition results of
lane lines (a lane boundary line, a center line, and the like)
around the vehicle. The surrounding environment recogni-
tion unit 12 recognizes the relative position of the lane line
relative to the vehicle by well-known white line recognition
based on the result of detection of the external sensor 2.

The travel state recognition unit 13 recognizes the travel
state of the traveling vehicle based on the result of mea-
surement performed by the internal sensor 3. The travel state
includes the speed of the vehicle, the acceleration of the
vehicle, and the yaw rate of the vehicle. Specifically, the
travel state recognition unit 13 recognizes the speed of the
vehicle based on the vehicle speed information from the
vehicle speed sensor. The travel state recognition unit 13
recognizes the acceleration (a longitudinal acceleration and
a lateral acceleration) of the vehicle based on the vehicle
speed information from the accelerator sensor. The travel
state recognition unit 13 recognizes the direction of the
vehicle based on the yaw rate information from the yaw rate
sensor.

The travel plan generation unit 14 generates a travel plan
for the control of the autonomous driving based on a target
route set in advance, the map information in the map
database 4, the position of the vehicle on the map recognized
by the vehicle position recognition unit 11, the surrounding
environment of the vehicle recognized by the surrounding
environment recognition unit 12, and the travel state of the
vehicle recognized by the travel state recognition unit 13.
The target route is set based on the destination set by the
driver or the autonomous driving system 100, the map
information, and the position of the vehicle on the map. The
target route may be set by a well-known navigation system.

The travel plan includes a steering plan relating to the
steering of the vehicle and a vehicle speed plan relating to
the speed of the vehicle. The steering plan includes a target
steering angle according to the position on the route on
which the vehicle travels by the autonomous driving control.
The position on the route is a position of the route (that is,
the target route of autonomous driving control) on the map
in the extending direction. Specifically, the position on the
route can be a set vertical position set at a predetermined
interval (for example, 1 m) in the extending direction of the
route. The target steering angle is a control target value of
the steering angle of the vehicle in the travel plan. The travel
plan generation unit 14 generates the steering plan by setting
a target steering angle for each position separated by a
predetermined distance on the route. Instead of the target
steering angle, the target steering torque or a target lateral
position (a target position of the vehicle in the width
direction of the road) may be used.

The vehicle speed plan includes a target vehicle speed
corresponding to the position on the route on which the
vehicle travels by the autonomous driving control. The
target vehicle speed is a control target value of the vehicle
speed in the travel plan. The travel plan generation unit 14
generates the vehicle speed plan by setting the target vehicle
speed for each position separated by a predetermined inter-
val on the route. Instead of the target vehicle speed, a target
acceleration or a target jerk may be used. A time may be used
as a reference instead of the position on the route (set
vertical position). The travel plan in the autonomous driving
is not limited to the content described above.

The operation intervention recognition unit 15 recognizes
an amount of operation intervention by the driver during the
autonomous driving of the vehicle. The operation interven-
tion recognition unit 15 recognizes the operation interven-
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tion by the driver based on the driving operation detected by
the driving operation detection unit 5. The operation inter-
vention by the driver is to temporarily reflect the driving
operation by the driver on the traveling of the vehicle
without canceling the autonomous driving. When the opera-
tion intervention by the driver ends, the driving returns to the
original autonomous driving. The amount of operation inter-
vention is an amount of operation by the driver in the
operation intervention during autonomous driving (an
amount of steering, an amount of accelerator operation, and
an amount of brake operation). The operation intervention
recognition unit 15 recognizes at least the amount of steering
by the driver as the amount of operation intervention.

The lane change determination unit 16 determines a
necessity of operation intervention for the lane change of the
vehicle by the driver of the vehicle. When the lane change
of the vehicle by the autonomous driving cannot be per-
formed due to an operational design domain (ODD) or the
like, the autonomous driving system 100 requests the driver
to perform the lane change of the vehicle. The lane change
determination unit 16 determines the necessity of operation
intervention for the lane change of the vehicle by the driver
based on, for example, the target route of the vehicle (or the
travel plan), the position of the vehicle on the map, and the
map information.

Specifically, the lane change determination unit 16 deter-
mines that it is necessary for the driver to perform the
operation intervention for the lane change of the vehicle
when a length of a lane changeable section for the vehicle is
shorter than a distance sufficient for the lane change by the
autonomous driving. The lane changeable section for the
vehicle is assumed to be a section where the traveling lane
of the vehicle and the lane of a lane change destination are
adjacent to each other. The distance sufficient for the lane
change by the autonomous driving is a distance set in
advance by the operational design domain or the like. The
distance sufficient for the lane change by the autonomous
driving may be changed according to the vehicle speed of
the vehicle.

For example, on an elevated highway in which each lane
is provided independently, if the lane changeable section for
the vehicle where the traveling lane of the vehicle and the
lane of the lane change destination partially travels in
parallel is short, and thus, the length of the section is shorter
than the distance sufficient for the lane change by the
autonomous driving, the lane change determination unit 16
determines that it is necessary for the driver to perform the
operation intervention for the lane change of the vehicle.

When the lane change of the vehicle to an adjacent lane
is required for connecting the vehicle from the traveling lane
to the branch road in order to enter a branch road along the
target route, and when the distance from the vehicle to an
entrance of the branch road (the distance in the lane extend-
ing direction) is shorter than the distance sufficient for the
lane change by the autonomous driving, the lane change
determination unit 16 may determine that it is necessary for
the driver to perform the operation intervention for the lane
change of the vehicle.

The lane change determination unit 16 may determine the
necessity of operation intervention for the lane change of the
vehicle by the driver based on the target route of the vehicle,
the position of the vehicle on the map, and the surrounding
environment of the vehicle. The target route of the vehicle
can be replaced by the travel plan. For example, if the lane
change of the vehicle is required in order to travel along the
target route, and when the number of other vehicles traveling
around the vehicle (for example, a certain distance from the
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vehicle) is greater than a lane change applicable number set
in advance by the operational design domain, the lane
change determination unit 16 may determine that it is
necessary for the driver to perform the operation interven-
tion for the lane change of the vehicle. The number of other
vehicles may be counted by distinguishing the vehicles
between the number of four-wheeled vehicles and the num-
ber of two-wheeled vehicles. In addition, instead of the
number of other vehicles, the number of pedestrians may be
counted.

If it is determined by the lane change determination unit
16 that it is necessary for the driver to perform the operation
intervention for the lane change of the vehicle, the lane
change request unit 17 requests the driver to perform the
operation intervention for the lane change of the vehicle.
The lane change request unit 17 requests the driver to
perform the operation intervention for the lane change of the
vehicle by transmitting the control signal to the HMI 6.

The lane change request unit 17 makes the request to the
driver, for example, by the sound output from the speaker in
the vehicle. The lane change request unit 17 may make the
request to the driver by outputting an image on the display
in the vehicle. In addition to the sound output and/or the
image output, the lane change request unit 17 may make the
request to the driver by the vibration of the steering wheel
or the driver’s seat of the vehicle.

When the operation intervention for the lane change of the
vehicle is requested to the driver by the lane change request
unit 17, the mode switching unit 18 switches a steering
torque mode for the lane keep control in the autonomous
driving from a normal steering torque mode to a weak
steering torque mode. The lane keep control is not canceled
even if the operation intervention for the lane change of the
vehicle is requested to the driver. The lane keep control gives
a steering torque to make reaction force to the steering
torque by the driver trying to perform the lane change of the
vehicle by the operation intervention in response to the
request.

The normal steering torque mode is a mode performed
during the normal lane keep control in the autonomous
driving. In normal steering torque mode, when the vehicle
approaches the lane marking lines on the right and left side
of'the traveling lane, the steering torque set in advance in the
lane keep control is given to the steering portion of the
vehicle. In the lane keep control, the steering torque is given
such that the vehicle returns to the center of the traveling
lane.

The weak steering torque mode is a mode that weakens
the steering torque, compared to that in the normal steering
torque mode, for the lane keep control in the direction of
lane change of the vehicle out of the right and left direction
of vehicle. And The weak steering torque mode does not
change the steering torque for the lane keep control in the
direction opposite to the direction of the lane change of the
vehicle. In the weak steering torque mode, at least the
steering torque in the direction of lane change of the vehicle
is weaker than that in the normal steering torque mode.

If the lane change of the vehicle is completed by the
operation intervention by the driver without the cancellation
of the autonomous driving, the mode switching unit 18
returns the steering torque mode for the lane keep control to
the normal steering torque mode. The completion of lane
change of the vehicle can be recognized by detecting that the
vehicle has crossed the lane marking lines, for example,
based on the surrounding environment of the vehicle (the
imaging information from the camera, and the like).
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The area switching unit 19 switches an area for the
autonomous driving according to the amount of operation
intervention by the driver during the autonomous driving.
The area switching unit 19 switches the arca between an
ignorance area, a cooperation area and a cut-off area accord-
ing to the amount of operation intervention by the driver.
The ignorance area is an area where the vehicle is caused to
travel by the control of the autonomous driving even if there
is an operation intervention by the driver. A case when the
driver does not perform any operation intervention is also
the ignorance area.

The cooperation area is an area where the vehicle is
caused to travel under a cooperation between the operation
intervention by the driver and the control of the autonomous
driving. In the cooperation area, the amount of operation
intervention by the driver is not reflected in the traveling of
the vehicle as it is, but reflected in the traveling of the
vehicle after adjusting and assisting the amount of operation
intervention so as to follow the travel plan in the autono-
mous driving. A well-known technology can be adopted as
the cooperation between the operation intervention by the
driver and the control of the autonomous driving in the
cooperation area.

The cut-off area is an area where the vehicle is caused to
travel by the operation intervention by the driver without
reflecting the control of the autonomous driving. In the
cut-off area, the amount of operation intervention by the
driver is directly reflected in the traveling of the vehicle. By
switching the area to the cut-off area, the autonomous
driving is not canceled, and the generation of the travel plan
is continued in the background even in the cut-off area.

The area switching unit 19 switches the area to the
cooperation area when the amount of operation intervention
by the driver becomes equal to or greater than a first
threshold value. In addition, the area switching unit 19
switches the area to the cut-off area when the amount of
operation intervention by the driver becomes equal to or
greater than a second threshold value.

The first threshold value is a value set in advance. The
second threshold value is a value set in advance, and is
greater than the first threshold value. When the steering
torque mode for the lane keep control is the weak steering
torque mode, the first threshold value and the second thresh-
old value are switched to values smaller than that in the
normal steering torque mode. The amount of operation
intervention by the driver is, as an example, the amount of
operation (the steering torque or the steering angle) of the
steering portion by the driver. The amount of operation
intervention by the driver may include an amount of opera-
tion of the accelerator operation portion and/or an amount of
operation of the brake operation portion. In this case,
appropriate values are set for the first threshold value and the
second threshold value for the amount of operation of the
accelerator operation portion and the amount of operation of
the brake operation portion, respectively.

FIG. 2 is a diagram for explaining switching of the area
in the autonomous driving system. In FIG. 2, the first
threshold value in the normal steering torque mode is
indicated as TA,,, the second threshold value in the normal
steering torque mode is indicated as TB,,, the first threshold
value in the weak steering torque mode is indicated as TA
and the second threshold value in the weak steering torque
mode is indicated as TB;. As illustrated in FIG. 2, the first
threshold value TA,, in the weak steering torque mode is
smaller than the first threshold value TA, in the normal
steering torque mode. Similarly, the second threshold value
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TBy- in the weak steering torque mode is smaller than the
second threshold value TB,, in the normal steering torque
mode.

As illustrated in FIG. 2, the area switching unit 19
switches the area from the ignorance area to the cooperation
area, and from the cooperation area to the cut-off area as the
amount of operation intervention by the driver during
autonomous driving increases. In the weak steering torque
mode, the area switching unit 19 switches the area from the
ignorance area to the cooperation area in response to a
smaller amount of operation intervention than in the normal
steering torque mode. Similarly, In the weak steering torque
mode, the area switching unit 19 switches the area from the
cooperation area to the cut-off area in response to a smaller
amount of operation intervention than in the normal steering
torque mode.

The vehicle control unit 20 executes the autonomous
driving of the vehicle by controlling the traveling of the
vehicle. The vehicle control unit 20 performs the autono-
mous driving of the vehicle based on the position of the
vehicle on the map, the map information, the surrounding
environment of the vehicle, the travel state of the vehicle,
and the travel plan. The vehicle control unit 20 performs the
autonomous driving of the vehicle including the lane keep
control by transmitting the control signal to the actuator 7.

When the area switching unit 19 switches the area for the
autonomous driving from the ignorance area to the coop-
eration area, the vehicle control unit 20 causes the amount
of operation intervention by the driver recognized by the
operation intervention recognition unit 15 and the control of
the autonomous driving to cooperate with each other to
cause the vehicle to travel. When the area switching unit 19
switches the area for the autonomous driving to the cut-off
area, the vehicle control unit 20 causes the vehicle to travel
along the amount of operation intervention by the driver by
transmitting the control signal to the actuator 7 according to
the amount of operation intervention by the driver.
Processing by Autonomous Driving System

Next, the processing by the autonomous driving system
100 in the present embodiment will be described with
reference to the drawings.

Mode Switching Processing

FIG. 3 is a flowchart illustrating the steering torque mode
switching processing in the autonomous driving system. The
mode switching processing is performed during the autono-
mous driving of the vehicle.

As illustrated in FIG. 3, as S10, the ECU 10 of the
autonomous driving system 100 determines the necessity of
the operation intervention for the lane change of the vehicle
by the driver using the lane change determination unit 16.
The lane change determination unit 16 determines the neces-
sity of operation intervention for the lane change of the
vehicle by the driver based on, for example, the target route
of'the vehicle (or the travel plan), the position of the vehicle
on the map, and the map information.

If it is determined that it is not necessary for the driver to
perform the operation intervention for the lane change of the
vehicle (No in S10), The ECU 10 ends the current process-
ing. Thereafter, the ECU 10 repeats the processing from S10
after a certain time elapsed. If it is determined that it is
necessary for the driver to perform the operation interven-
tion for the lane change of the vehicle (Yes in S10), the ECU
10 makes the process proceed to S12.

In S12, the ECU 10 requests the driver to perform the
operation intervention for the lane change of the vehicle
using the lane change request unit 17. The lane change
request unit 17 requests the driver to perform the operation



US 11,731,701 B2

11

intervention for the lane change of the vehicle by transmit-
ting the control signal to the HMI 6 through the sound output
or the like. Thereafter, the ECU 10 makes the process
proceed to S14.

In S14, the ECU 10 switches the steering torque mode for
the lane keep control in the autonomous driving from the
normal steering torque mode to the weak steering torque
mode using the mode switching unit 18. Thereafter, the ECU
10 ends the current processing.

Area Switching Processing

FIG. 4A is a flowchart illustrating the area switching
processing in the autonomous driving system 100. The area
switching processing is performed when the operation inter-
vention by the driver is recognized by the operation inter-
vention recognition unit 15 during the autonomous driving
of the vehicle. Here, the case where the area for the
autonomous driving is switched from the ignorance area.

As illustrated in FIG. 4A, as S20, the ECU 10 determines
whether or not the amount of operation intervention by the
driver is equal to or greater than the first threshold value
using the area switching unit 19. If it is not determined that
the amount of operation intervention by the driver is equal
to or greater than the first threshold value (No in S20), the
ECU 10 ends the current processing. Thereafter, the ECU 10
repeats the processing from S20 after certain time elapsed.
If it is determined that the amount of operation intervention
by the driver is equal to or greater than the first threshold
value (Yes in S20), the ECU 10 makes the process proceed
to S22.

In S22, the ECU 10 determines whether or not the amount
of operation intervention by the driver is equal to or greater
than the second threshold value using the area switching unit
19. If it is not determined that the amount of operation
intervention by the driver is equal to or greater than the
second threshold value (No in S22), the ECU 10 makes the
process proceed to S24. If it is determined that the amount
of operation intervention by the driver is equal to or greater
than the second threshold value (Yes in S22), the ECU 10
makes the process proceed to S26.

In S24, the ECU 10 switches the area for the autonomous
driving to the cooperation area using the area switching unit
19. Thereafter, the ECU 10 ends the current processing.

In S26, the ECU 10 switches the area for the autonomous
driving to the cut-off area using the area switching unit 19.
Thereafter, the ECU 10 ends the current processing.
Threshold Value Switching Processing

FIG. 4B is a flowchart illustrating the threshold value
switching processing in the autonomous driving system. The
threshold value switching processing is performed during
the autonomous driving of the vehicle.

As illustrated in FIG. 4B, as S30, the ECU 10 determines
whether or not the steering torque mode is switched to the
weak steering torque mode using the mode switching unit
18. If it is determined that the steering torque mode for the
lane keep control in the autonomous driving is not switched
to the weak steering torque mode (No in S30), the ECU 10
ends the current processing. Thereafter, the ECU 10 repeats
the processing from S30 after certain time elapsed. If it is
determined that the steering torque mode for the lane keep
control in the autonomous driving is switched to the weak
steering torque mode (Yes in S30), the ECU 10 makes the
process to proceed to S32.

In S32, the ECU 10 switches the first threshold value and
the second threshold value to small values using the area
switching unit 19 (refer to FIG. 2). Thereafter, the ECU 10
ends the current processing.
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Operational Effects of Autonomous Driving System

According to the autonomous driving system 100 in the
present embodiment, if it is determine that it is necessary for
the driver to perform the operation intervention for the lane
change of the vehicle, the driver is requested to perform the
operation intervention for the lane change of the vehicle and
the steering torque mode for the lane keep in the control
autonomous driving is switched to the weak steering torque
mode from the normal steering torque mode. Therefore, in
the autonomous driving system 100, if it is determined that
it is necessary for the driver to perform the operation
intervention for the lane change, since the steering torque for
the lane keep control is switched to the weak steering torque
mode, it becomes easy for the driver to perform the lane
change of the vehicle compared to a case when the steering
torque for the lane keep control is maintained as the normal
steering torque mode. Therefore, it is possible to appropri-
ately adjust the steering torque for the lane keep control with
respect to the operation intervention by the driver for the
lane change.

In addition, according to the autonomous driving system
100, in the weak steering torque mode, the steering torque
for the lane keep control in the direction of lane change of
the vehicle is weakened, and the steering torque in the
direction opposite to the direction of lane change is not
changed. Therefore, even if the driver mistakenly steers in
the direction opposite to the direction of lane change, it is
possible to suppress the deviation of the vehicle from the
lane by receiving the steering torque for the lane keep
control.

Furthermore, according to the autonomous driving system
100, in the weak steering torque mode, since the first
threshold value and the second threshold value are switched
to small values compared to that in the normal steering
torque mode, the area can be switched from the ignorance
area to the cooperation area and the cut-off area using less
amount of operation intervention by the driver than that
when the first threshold value and the second threshold value
are not changed, and thus, it is possible to make the lane
change of the vehicle easy to be performed by the operation
intervention by the driver.

The preferred embodiments of the present disclosure are
described above, however, the present disclosure is not
limited to the above-described embodiments. In addition to
the above-described embodiments, the present disclosure
can be embodied in various forms including various modi-
fications and improvements based on the knowledge of those
skilled in the art.

For example, in the weak steering torque mode, the
steering torque on both the left and right directions of the
lane keep control may be weakened compared to that in the
normal steering torque mode. Alternatively, in the weak
steering torque mode, the steering torque for the lane keep
control in the direction of lane change of the vehicle may be
weakened compared to that in the normal steering torque
mode, and the steering torque in the direction opposite to the
direction of lane change may be strengthened compared to
that in the normal steering torque mode.

In a case of the weak steering torque mode, the area
switching unit 19 may switch only one of the first threshold
value and the second threshold value to a smaller value than
that in the case of the normal steering torque mode rather
than switching both the first threshold value and the second
threshold value. In addition, in a case of the weak steering
torque mode, the area switching unit 19 does not necessarily
need to change the first threshold value and/or the second
threshold value compared to the normal steering torque
mode.
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The autonomous driving system 100 does not necessarily
need to include the area switching unit 19. That is, the
autonomous driving system 100 does not necessarily need to
switch the area between the ignorance area, cooperation
area, and the cut-off area. When the operation intervention
is performed by the driver, the autonomous driving system
100 may preferentially reflect the operation intervention by
the driver to the traveling of the vehicle regardless of the
amount of operation intervention.

What is claimed is:

1. An autonomous driving system configured to perform
an autonomous driving of a vehicle, comprising:

a vehicle speed sensor that detects a vehicle speed; and

an electronic control unit (ECU) including a processor

programmed to:

control the autonomous driving of the vehicle;

while controlling the autonomous driving, determine that

it is necessary for the driver to perform an operation
intervention for a lane change of the vehicle when a
length of a lane changeable section for the vehicle is
shorter than a distance sufficient for the lane change by
the autonomous driving, wherein the lane changeable
section for the vehicle is a section where a traveling
lane of the vehicle and a lane of a lane change desti-
nation are adjacent to each other, and wherein the
distance sufficient for the lane change by the autono-
mous driving is changed according to the vehicle speed
of the vehicle;

request the driver to perform the operation intervention

for the lane change of the vehicle when the determi-
nation is made that it is necessary to perform the
operation intervention for the lane change of the
vehicle by the driver;

switch a steering torque mode for a lane keep control in

the autonomous driving from a normal steering torque
mode to a weak steering torque mode when the driver
is requested to perform the operation intervention for
the lane change of the vehicle,

if an amount of operation intervention by the driver

becomes equal to or greater than a first threshold value,
cause the vehicle to travel under a cooperation between
the operation intervention by the driver and the lane
keep control in the autonomous driving, and if the
amount of operation intervention by the driver is equal
to or greater than a second threshold value, which is
greater than the first threshold value, cause the vehicle
to travel by the operation intervention by the driver
without reflecting the lane keep control of the autono-
mous driving, and

wherein the first threshold value and the second threshold

value are switched to smaller values in the weak
steering torque mode than that in the normal steering
torque mode,

wherein the weak steering torque mode is a mode of the

lane keep control that (i) weakens, compared to that in
the normal steering torque mode, a steering torque in a
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direction of the lane change of the vehicle among a
right direction and a left direction of the vehicle, and
(ii) strengthens, compared to that in the normal steering
torque mode, a steering torque in a direction opposite
to the direction of lane change.

2. An autonomous driving method executed by at least
one processor for performing autonomous driving of a
vehicle, the method comprising:

controlling the autonomous driving of the vehicle;

while controlling the autonomous driving, determining

that it is necessary for the driver to perform an opera-
tion intervention for a lane change of the vehicle when
a length of a lane changeable section for the vehicle is
shorter than a distance sufficient for the lane change by
the autonomous driving, wherein the lane changeable
section for the vehicle is a section where a traveling
lane of the vehicle and a lane of a lane change desti-
nation are adjacent to each other, and wherein the
distance sufficient for the lane change by the autono-
mous driving is changed according to the vehicle speed
of the vehicle;

requesting the driver to perform the operation intervention

for the lane change of the vehicle when the determi-
nation is made that it is necessary to perform the
operation intervention for the lane change of the
vehicle by the driver;

switching a steering torque mode for a lane keep control

in the autonomous driving from a normal steering
torque mode to a weak steering torque mode when the
driver is requested to perform the operation interven-
tion for the lane change of the vehicle,

if an amount of operation intervention by the driver

becomes equal to or greater than a first threshold value,
causing the vehicle to travel under a cooperation
between the operation intervention by the driver and
the lane keep control in the autonomous driving, and if
the amount of operation intervention by the driver is
equal to or greater than a second threshold value, which
is greater than the first threshold value, causing the
vehicle to travel by the operation intervention by the
driver without reflecting the lane keep control of the
autonomous driving, and

wherein the first threshold value and the second threshold

value are switched to smaller values in the weak
steering torque mode than that in the normal steering
torque mode,

wherein the weak steering torque mode is a mode of the

lane keep control that (i) weakens, compared to that in
the normal steering torque mode, a steering torque in a
direction of the lane change of the vehicle among a
right direction and a left direction of the vehicle, and
(ii) strengthens, compared to that in the normal steering
torque mode, a steering torque in a direction opposite
to the direction of lane change.
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